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Nutritional role of sugars in oral health1,2
»
Klaus G König and Juan M  Navia
ABSTRACT The dental risk of dietary sugars is dependent 
mainly on the frequency of intake, but the prevalence of caries in 
a population is strongly modified by other dietary, social, and 
behavioral factors independent from intake of sugars. Regarding 
dietary factors, it must be remembered that hidden sugars in fruit 
as well as polysaccharides are cariogenic. The most important of 
the other factors is regular tooth brushing, which results in the 
removal of the bacterial plaque that causes caries and periodontal 
diseases and makes fluoride (which is contained in every advanced 
toothpaste) available for maintenance of the hard dental tissues and 
for remineralization wherever demineralization has occurred. This 
explains why in most highly developed countries caries prevalence 
has decreased markedly during the past 20 y although consumption 
of sugars remained high. Am J Clin Nutr 1995;62(suppl): 
275S-83S.
KEY WORDS Sugars, fruit, starches, dental caries,
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INTRODUCTION
A discussion of the nutritional role of sugars in oral health 
requires consideration of three types of oral tissue with differ­
ent structure, morphology, metabolism, and pathologic re­
sponse: the hard tissues of the teeth (dental health), the sup­
porting structures of teeth (periodontal health), and the oral 
mucosa (mucosal health). We will discuss dental health in 
more detail than periodontal health, and mucosal health will 
not be discussed separately. The reason for this selectivity is 
the high prevalence of caries in hard tooth structures and the 
criologie role of dietary carbohydrates in general and sugars in 
particular as caries-promoting factors that put oral health at 
risk. Risk begins immediately after tooth eruption and lasts as 
long as teeth are present in the oral cavity; however, the enamel 
covering the anatomical crowns of teeth is not subject to 
systemic nutritional influences after tooth development and 
eruption.
The role of nutrition in general on the growth, development, 
and maintenance of oral tissues was recently discussed (l), and 
two major effects are clear: one systemic and the other local 
and dietary. The main result of nutrition is the systemic effect 
of absorbed nutrients on the growth, development, and main­
tenance of the tissues and organs and their functions. Local 
dietary side effects are of great practical importance, especially 
in the oral cavity. Dental enamel after eruption is particularly 
subject to local side effects from whatever enters the mouth. 
Diet and dietary components not only provide essential nutri­
ents for the host tissues but also for bacteria in the oral cavity 
and the digestive tract, which use them as readily available 
substrates, Direct as well as indirect side effects of nutrients 
result from their ion content, acidity, and physical properties. 
Erosion is a dental problem that often occurs as the result of 
frequent consumption of acidic food such as lemons but less so 
from consumption of manufactured foods that are properly 
formulated to prevent erosive effects of food acids.
It is therefore important in a discussion of oral health and its 
relation to nutritional factors that we differentiate between 
formative nutritional influences and posteruptive local influ­
ences, The effect of nutrition on dental development is usually 
constructive. However, the influence of diet and its local side 
effects may be either damaging or stabilizing. Dental integrity 
is maintained as the result of a continuous interaction of pro­
tective and destructive influences. The difficulty is that nutri­
tive and dietary protective and destructive factors act on the 
same tissues and their effects cannot be differentiated readily 
and assessed separately. Although formative influences are 
effective in an early distinct period of development and de­
structive influences usually do not start before exposure and 
functioning, the difficulty of distinguishing effects still exists, 
A well-known example of this is the question of the mechanism 
of action of water-borne fluoride. When fluoride in drinking 
water in the United States was first discovered to be the cause 
of mottling of teeth and was later also identified as the protec­
tive factor against caries, the conclusion was rapidly drawn: 
fluoride has an effect on teeth during formation that shows as 
mottling after eruption; therefore, the effect we see later on, 
fewer and smaller carious lesions, will likewise be due to the 
pro eruptive deposition of fluoride. It took decades before the 
great importance of life-long topical fluoride availability was 
clearly recognized and dental scientists agreed that preemptive 
administration of fluoride was less important.
With respect to the osseous, periodontal, mucosal, salivary 
gland, dentinal, and pulpal tissues, development and life-long 
integrity and functioning are associated with systemic molec­
ular and cellular reactions to variables associated with nutri­
tion, some of them interacting with local oral factors and 
bacterial antigens. Tooth enamel, in conLrast, is subject to 
systemic influences on its development before eruption only; 
after eruption it interacts with local (topical) environmental 
factors exclusively.
1 From the University Medical Faculty, Nijmegen, Netherlands, ami the 
Sparkman Center, University of Alabama at Birmingham.
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Because of the importance of local effects in controlling 
demineralization of teeth and inflammation of periodontal 
structures, which are the major risks to oral health, this review 
deals with the dietary side effects of sugars rather than with 
metabolic nutritional aspects. For the maintenance of periodon­
tal and mucosal health, however, systemic nutritional factors 
are more relevant than they are in the maintenance of tooth 
structures. However, even in this case, the absence of local 
bacterial and cytotoxic irritants deserves more attention than do 
systemic nutritional factors.
DENTAL HEALTH
Etiology of caries
Dental caries is a bacterial plaque-dependent disease of the 
dentition that is characterized by a progressive, intermittent 
demineralization of enamel, dentin, and cementum, with a 
characteristic pattern of decay that may lead to total destruction 
of coronal dental tissues and the formation of pulpal abscesses. 
Oral microorganisms, when organized in voluminous masses 
as dental plaque on tooth surfaces, hydrolyze starches and 
metabolize sugars to form acids (mainly lactic acid) that demi- 
neralize the hard tissue underneath. Although the basic mech­
anism is simple, it is actually influenced by many factors that 
interact and are difficult to quantify.
Enamel consists of very small crystals, between which there 
is mainly water and some remnants of organic matrix. The 
volume not occupied by crystals and organic matrix is called 
the pore volume. The water can move freely and is the vehicle 
for ions diffusing in and out, exchanging with oral fluids. The 
water can also dry out in certain areas when air fills the pores 
otherwise filled with water. The normal total pore volume of 
enamel is 10%, but it is higher after demineralization and in 
fluorotic enamel. In the early phases of acid attack, deminer­
alization is a diffusion-controlled process resulting in an in­
crease in pore volume only, without disintegration of the min­
eralized tissues. Supply and access of saliva, which contains 
buffering systems and transports mineral and fluoride io rus, 
contribute to remineralization between acid attacks. Both pro­
cesses, demineralization and remineralization, are modified by 
numerous variables.
Figure 1 shows the major interrelated factors responsible for 
the development of dental caries (2). In the center are local oral 
factors headed by the bacteria in plaque. These bacteria include 
not only those that have been shown to be highly cariogenic, 
such as Streptococcus mutans and the laclobacilli, but others 
that are less cariogenic, such as species of Actinomyces, and 
still others, such as Ve Ilio ne Ila. that use lactic acid as a source 
of energy and thus interfere with acid accumulation and low­
ering of the pH in plaque, a phenomenon that slows down the 
caries process. There are four aspects that are important rela­
tive to the cariogenic action of bacteria in plaque and that 
should be considered as separate effects: the implantation 
mechanism involving the phenomenon of adhesion, coloniza­
tion through competition with other bacterial components, the 
metabolic activity of established bacteria under the influence of 
food residues and oral environment, and increased thickness of 
plaque and its control by oral hygiene procedures.
The second component is saliva, an important protective 
biological fluid in the oral cavity (3). Foods stimulate saliva
FIGURE I. The multifactorial etiology of dental caries. T.E., trace 
elements. From Navin (2).
production through olfactory, masticatory, and gustatory ac­
tions; the amount, flow, and composition of saliva can be 
greatly influenced by these physiologic stimuli. Salivary gland 
secretory function can be influenced early in development by 
nutritional insults and later through malnutrition or the chronic 
effects of age-related conditions (4, 5). Although aging per se 
does not seem to have an overt effect on salivary gland function 
(6, 7), malnutrition, diseases, and chronic medication, which 
are frequently associated with aging, may compromise the 
ability of the gland to protect oral tissues. For example, anti- 
hypertensive drugs, those used in Parkinsonism therapy, anti­
depressants, and many others commonly used by older people 
can induce mild or even severe dry mouth syndrome (xerosto­
mia) and other pathologic side effects (3). Thus a dry mouth 
caused by impaired salivary function may result in an increased 
prevalence of malnutrition in elderly people (8),
Another important group of factors includes minerals and 
trace elements, particularly fluoride. In the oral cavity, calcium 
and phosphorus in plaque and saliva are major contributors to 
the reinin eral iza t ion of enamel surfaces affected by acid. Cal­
cium and phosphorus are also beneficial to the maintenance of 
skeletal tissues, such as the alveolar bone supporting the den­
tition. The concentration of these ions can be further increased 
by drinking water or food residues rich in calcium and phos­
phorus. The beneficial effect of certain cheeses can be traced 
largely to their high mineral content, which, together with the 
protein in the cheeses, neutralizes the aci doge nie effects of 
sugars (9, 10). The presence of low concentrations of fluoride 
ions in plaque, saliva, and enamel originally provided by the 
water, food, or other sources, contribute substantially to remi­
ner al izati on after each dem moralizing acid attack (11). This 
natural repair process is essential for maintaining the integrity 
of enamel, exposed dentin, and cementum surfaces.
The final factor in this group of local, oral etiologic compo­
nents is nutrients and food residues left in the oral cavity after 
food has been masticated and the food bolus swallowed or after
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beverages have been drunk. These residues are retained on the 
dorsum of the tongue and in other retentive sites in the oral 
cavity. From these locations they continue to provide soluble 
and nutritious substances that can be used by plaque bacteria as 
specific substrates to enhance any of the four activities previ­
ously mentioned: implantation, colonization, metabolic activity 
of the plaque bacteria, and thickening of the plaque. Sugars and 
starches are a part of these residues and exert their effects on 
plaque depending on the type of carbohydrate (sucrose, glu­
cose, polysaccharide, sorbitol, etc), the concentration and re­
tention time in the oral cavity, or the frequency with which the 
fermentable carbohydrates are replenished by repeated intake, 
and the action of sal iva in diluting this substrate, in converting 
starch into fermentable glucose and maltose via amylases, or in 
providing the necessary buffering capacity to neutralize acid 
end products that result from such fermentations (12, 13). All 
food carbohydrate residues have caries-promoting properties 
rather than cariogenicity (sugars do not directly damage the 
teeth) and, therefore, determine caries indirectly under condi­
tions that allow local fermentation and acid accumulation. If 
mature, the plaque has increased pathogenic potential and 
retention of carbohydrates occurs, conditions that considerably 
stimulate the carious process. The fermen lability and caries- 
promoting differences among different sugars are not large. 
Sucrose has always been, and will remain, the primary sugar in 
human nutrition; most foods, if they contain sugars, contain 
a mixture of sugars. A  diet without sugar would be very
exceptional.
Taking together the various plaque-born microbial compo­
nents listed above and retained food residues acting as sub­
strates for acid formation, it is obvious that a person’s oral 
hygiene practice can greatly influence the caries-forming pro­
cess (provided oral hygiene techniques result in regular re­
moval of both plaque and food debris). If a dentifrice contain­
ing fluoride is used, this important ion that favors 
remineralization will be present frequently in effective cario- 
static concentrations. Oral hygiene, therefore, must be consid­
ered an important modifying factor; whether it really becomes 
effective depends on whether it is a habit. This in turn is a 
behavioral issue dependent on cultural, economic, and socio­
logie patterns and conditions.
As teeth age, the clinical crowns become longer because of 
gingival recession. The roots are exposed and become prone to 
carious destruction, starting with the (thin) cementum and 
progressing into the root dentin. The etiologic mechanism of 
cementum and dentinal caries of roots does not, in principle, 
differ from coronal caries, which starts in enamel and
progresses into dentin. Occasionally, the composition of the 
bacterial plaque flora on root surfaces differs from that on 
enamel surfaces, but acidogenic microorganisms always play 
key roles in the development of all types and sites of caries 
attack. Root lesions usually progress more quickly than do 
enamel lesions. This is due to the low degree of mineralization 
of root cementum and dentin, to difficulties in keeping root 
surfaces clean with routine brushing of teeth, and to a decrease 
of salivary secretions, which is rather common in elderly 
people. As with coronal (enamel) caries, high frequency of 
sugar intake increases the risk of root caries whereas good oral 
hygiene and regular external fluoride administration minimize 
the risk of root caries.
Sugar consumption, its availability or disappearance, and 
dental caries
Sugar consumption is a risk factor for caries, and it is 
therefore important to consider intake of sugar as well as 
changes of other major variables over time when interpreting 
epidemiologic data from a population. In view of the complex­
ity of the etiology of dental caries, it is not difficult to under­
stand why one factor, such as the amount of sugar available for 
consumption in a country, cannot confidently be ext rapóla led 
to explain the disease severity at all sugar intakes. An absence 
of one of the etiologic factors will produce a major change in 
the caries process, For example, lack of dental plaque or 
absence of fermentable carbohydrates will be associated with 
low caries risk, whereas compromised salivary function or 
absence of'fluoride witl enhance the carious process. Extreme 
situations produce clear results, but most people are in inter­
mediate ranges for these factors. In such circumstances it is the 
interaction between two or more factors, rather than a single 
main factor, that determines disease outcome (2).
Determination of sugar consumption in a country, let alone 
in a region, is difficult because of many factors influencing 
such data: different methods used to record total sugar con­
sumption, some data given as raw sugar and some as refined 
sugar, most of the data representing sugar disappearance and 
not actual consumption, and data not corrected Lor export and 
import in industrialized countries. England and Ihe Nether­
lands, for example, produce a lot of sweets, export substantial 
amounts, and import some from Switzerland. Switzerland ex­
ports much more chocolate than it imports, and in all countries 
there is an imbalance between import and export of sugar in the 
form of sweets. The European Community authorities in Brus­
sels have adopted a system of correction for import and export 
so that the real amounts sold and disappearing in a country can 
be determined.
In many parts of the developing world Ihere is widespread 
consumption of sugar cane and other raw sugar-containing 
products that are not included in sugar-consumplion or sugar- 
disappearance data even though they contribute to the caries 
process (14). Attempts to evaluate sugar consumption is further 
complicated because although some sugar is used directly from 
the sugar bowl, many foods are processeti with varying 
amounts and types of sugar that are frequently difficult to 
quantitate and include in food composition tables. Recently an 
assessment was made despite these difficulties (2) and some 
points are dealt with later.
Early epidemiology of caries
Several studies in humans (15-18) and experimental aniimds 
(12,19) have identified carbohydrates (including starches)* and 
sugars in particular, as important caries-promoting components 
of foods. Consequently, during the past 40 y research and 
health education programs have focused on decreased sugar in 
the diet and delivery of fluoride as the main interventions 
recommended to control and prevent caries. Extensive research 
has reaffirmed the importance of these two measures in caries. 
This research has also contributed to an understanding of the 
role of diet, foods, nutrients, and nutrition in general in caries 
formation; a review of these facts is not within the scope of this 
review but they have been discussed extensively elsewhere 
(1, 2).
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Despite the high degree of variability that exists in the 
consumption of various carbohydrates, specifically sugars, as 
well as in the different food vehicles in which they are con­
sumed, several attempts have been made to study the relation 
between sugars consumption and dental caries (20), The study 
of this relation is complicated by the following limitations, 
among others (2): /)  Sugars are consumed in different physical 
forms with different foods and different dietary patterns that 
affect the clearance rate of dietary sugars; 2) the data, whether 
obtained from food balance sheets or from dietary surveys, 
represent an approximation to the actual sugar consumption; 3) 
the data give information relating to consumption during the 
year, but carious lesions sometimes take several years to de­
velop in either the primary or secondary dentition; and 4) caries 
prevalence is influenced by many other etiologic factors in­
cluding fluoride availability, health services, education, oral 
hygiene practices, and other habits and circumstances.
Regardless of these con founders, useful and meaningful data 
have been collected, Summarizing early studies, Sreebny (20) 
reported that in populations with high availability of sucrose 
(57-115 g * person“ 1 • d” l), 12-y-old children had a number of 
decayed, missing, and filled teeth per individual (DMFT val­
ues, or number of unsound teeth) ranging from 3.2 to 4,8 
compared with 0,1 to 2.7 in paired children in populations 
having average sucrose intakes <  50 g * person“ 1 ■ d“ 1. There 
were, however, some apparent discrepancies. In Samoa and 
Swaziland, where people had sucrose availabilities of 78 and
99 g «person"1 *d- t , respectively, 12-y-old children had a 
DMFT of 1.1. Sreebny calculated the correlation coefficient for 
data from 47 nations to be 0.72, which suggested that *«50% of 
the variability in caries could be explained by the sucrose 
available, whereas there were obviously many other factors 
that accounted for the remaining sources of variability (sec 
confounders listed in the above paragraph).
In another comprehensive review, Sreebny (21) evaluated 
the voluminous literature dealing with the relation between 
sucrose consumption and dental caries. The conclusion 
emerged that communities or groups of people who had very 
low intakes of sugar showed very low caries scores, and those 
that had very high availability of sugars in their diets at that 
time (up to the 1970s) developed high numbers of carious 
lesions. A recent report (22) found no suga r-ca ries relation in 
developed countries whereas the association continued to be 
noted in developing countries. This means that because of oral 
hygiene and regular use of remineralizing fluoride, sugar ex­
posure no longer has the strong causative effect on caries 
activity that it had in the pre-oral-hygiene era, which still 
prevails in developing countries.
Re cent epidemiology of caries
The relation between sucrose intake and caries was initially 
established by the Vipeholm study (15) and reaffirmed by the 
extensive reviews of Sreebny (20, 2.1), which described the 
many investigations supporting this relation. The main aim of 
the Vipeholm study was to determine the effects of frequency 
and quantity of sugar intake on the formation of carious le­
sions. After exposure of dental plaque to sugar, bacteria can 
produce acid only for a limited period, on average, 0.5 h. The 
Vipeholm experiment showed that restriction of sugar intake to 
the four main meals daily did not significantly increase the 
(low) baseline caries activity, even if large amounts of sugar
were given. On the other hand, when 8 or 24 bctween-meal 
snacks were given daily, caries incidence rose dramatically 
because of the total demineralization time per day increasing to 
4 and 12 h, respectively. However, there is a certain resem­
blance between these early epidemiologic data and the condi­
tions under which the Vipeholm study was conducted: the 
Vipeholm population consisted of mentally retarded, severely 
handicapped subjects who were unable to perform any oral 
hygiene technique and there were no dental hygienists avail­
able at that time (early 1950s) to do regular professional 
cleaning. A similar condition prevailed in normal populations 
even in developed countries until the 1970s. Regular oral 
hygiene was only performed by a minority and tooth brushing 
was particularly unpopular among children of school age, 
in whom nearly all the caries epidemiologic studies were 
performed.
This situation has changed conspicuously in the past 20 y, at 
least in the hygiene-conscious populations of the United States, 
Scandinavia, Switzerland, and the Netherlands, where tooth 
brushing among children has become a habit that has kept 
plaque accumulation low. It is well known that sugars do not 
give rise to the production of dangerous amounts of acid in the 
oral cavity when plaque is absent or only present in thin layers. 
Therefore, it is feasible to separate modern epidemiologic 
research from early findings accumulated in the prchygienc 
era. This is important because during the time when oral 
hygiene practice developed, the sale of toothpastes containing 
fluoride rose to >  95% of total toothpaste sales in the countries 
mentioned. Regarding the populations in developing countries 
and certain subpopulations not practicing oral hygiene in de­
veloped countries, frequent consumption of sugar-containing 
foods and drinks still results in high caries risk.
Although the direct relation between sugars and dental caries 
is accepted by all dental clinicians and researchers, the degree 
of emphasis on the importance of this factor in prevention and 
control of the disease varies. The information we have avail­
able today should allow for a more scientific and rational 
approach to the role of fermentable carbohydrates in dental 
caries. Rather than focus solely on the elimination of sugar 
from the diet, the currently emerging view emphasizes the need 
to adopt a more comprehensive preventive approach that rec­
ognizes the importance of improved dietary habits, better oral 
hygiene, appropriate use of fluoride and sealants (plastic coat­
ing of fissures for caries prevention), enhancement of salivary 
function, and other considerations in an integrated and com­
plete oral health program throughout the life of the individual.
There have been many attempts to study the specific relation 
between sugar intake, dietary and nutritional variables, and 
dental caries in luimans. Walker and Cleaton-Jones (23), with­
out rejecting the well-known effect of sugar on caries, have 
identified several situations in caries epidemiology reported in 
the literature for which sugar intake alone did not explain the 
caries found in the consumers. Additionally, a study of diet, 
oral hygiene, and dental caries in 457 Canadian children did 
not reveal meaningful correlations between independent and 
dependent variables (24), Three studies conducted on English 
(25), American (26), and Canadian (27) children deserve spe­
cial consideration (2), The English study involved 405 chil­
dren, with a mean age of 11.6 y, who were followed for 2 y. 
Statistical evaluation of the data indicated that a daily con­
sumption of 118 g sugars (43 kg/y), which also accounted for
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21% of total energy intake, had the highest significant corre­
lation (0.143) with caries increments. The gingival index (se­
verity of periodontal inflammation) increased the multiple cor­
relation to 0.193, but other variables (sex, social class, and 
tooth brushing frequency) did not. Thus, total sugar intake 
explained only 4% of the variance in caries increment; 94% of 
the variance remained unexplained by factors considered in the 
study. The authors believed that much of the variance was due 
to methodologie errors, such as those related to dietary assess­
ment, and a large intersubject variability that could mask a true 
relation. Although this may be true, other etiologic factors such 
as saliva, plaque, fluoride, and oral hygiene practices should 
not be dismissed lightly. In this study, frequency of sugar 
consumption, although significant, had a much lower correla­
tion value (0.099) with caries than did the weight of sugary 
foods consumed (0.143). The study also provided some inter­
esting conclusions: it was important to avoid sugary foods 
shortly before bedtime (R -  -0.101 for time between last food 
containing >  10% sugars and bedtime), milk intake was pos­
itively correlated with caries increment (R =  0,102), and caries 
and vitamin D intake were negatively correlated in boys only 
(R = -0.117, P =  0.0004).
The US study (26) was a 3-y investigation in a nonfluori­
dated community in Michigan of 499 children aged 11-15 y. 
These children consumed on average 142 g sugar/d (51 kg/y) 
and sugars accounted for 26.5% of their total daily energy 
intake. Pit and fissure caries were not correlated with any 
aspect of sugar consumption but increments in carious lesions 
on adjacent (approximal) surfaces of teeth were related to 
dietary sugar intake variables. Although children who con­
sumed a high proportion of their energy intake as sugar had the 
higher increases in approximal caries, there was no relation 
between caries scores and average frequency of eating during 
the day or average number of sugary snacks consumed between 
meals. Results of this study did not differ much from those 
obtained in the English study and suggest that although sugar 
continues to be a clear etiologic component of the carious 
process and a high frequency of sugar consumption increases 
the risk of the disease, the dietary behavior of the populations 
in these two places was not sufficiently caries promoting to 
make a major difference in their caries experience.
A third study was performed in Canada (27) with 232 11-y- 
old schoolchildren to evaluate the association between dietary 
patterns and dental caries. Nutritional data were collected by 
using a quality index based on the eating frequency recom­
mended in food guides and divided into eight levels (1 being 
the worst nutrition and 8 being the best compliance with 
nutritional recommendations). The frequency of sugary food 
consumption at mealtime and between meals was also consid­
ered. Results indicated that the nutritional status of these chil­
dren was compromised. Almost 50% of the children had a 
nutritional quality level of 3 and only 8.2% of the subjects had 
a quality level of 5, which is the minimum recommendation of 
the Canadian guidelines for the use of the four food groups, a 
system devised to facilitate the selection of foods to ensure a 
nutritionally adequate diet. Although there was a trend toward 
a lower caries increase with improved nutritional quality of the 
diet, analysis of variance did not show statistical significance. 
Furthermore, no significant association was observed between 
frequency of consumption of sugary foods and increments in 
carles.
Although dietary sugars are unquestionably an important 
determinant in the development of caries, they are not the sole 
etiologic factor. This is highlighted in studies in special pop­
ulations such as mentally retarded children (28), in whom the 
frequent consumption of candy did not seem to be a significant 
determinant of caries; rather, poor oral hygiene status appeared 
to be a more important caries risk factor. Similar conclusions 
were reached in a study evaluating the oral health of Latin 
American preschool children living in Malmö, whose general 
and dental health status was inferior to that of native Swedish 
children (29), Children with gums practically free from clinical 
signs of inflammation had only 1.1 tooth surfaces that were not 
sound, whereas those with gingivitis with and without bleeding 
on probing had 6.2. Another study, which examined the oral 
health status of Greek immigrant children compared with 
Swedish and rural Greek children, illustrated the complexity 
inherent in the evaluation of determinants of oral health (30). 
The carbohydrate content of the diet consumed by these three 
groups was approximately the same, but rural Greek children 
had only 15% caries-free primary teeth and a prevalence of 
decayed and filled tooth surfaces in primary and permanent 
teeth that was higher than in the other two groups. There was 
also a similar distribution of mutans streptococci and lactoba- 
cilli in the three groups, which indicates a potential risk for any 
of the children if other caries conducive conditions are in­
creased. The availability of health services for children living 
in Sweden was made evident by the increased use of tooth­
brushes and improved oral hygiene of these groups compared 
with the group of rural Greek children and this could have been 
an important determinant of their oral health.
The studies described above consisted of cross-sectional 
observations, However, there are also several interesting stud­
ies over time that cover secular changes in caries prevalence 
over some decades. For example, it was found that reduction in 
availability and intake of sugar in Europe during World War II 
was accompanied by a decrease of caries prevalence in the 
populations involved, but these effects were not permanent and 
disappeared when the dietary restrictions ended (31).
Both severe sugar restriction and optimal fluoride availabil­
ity decrease caries prevalence. The relative effect of the two 
inhibitory factors can be judged from the percentages of caries- 
free children in Basel, Switzerland, subjected to prewar, war­
time, and postwar sucrose supplies (32, 33) (Figure 2). Before 
the war, when an unlimited sugar supply was available and 
children had poor oral hygiene and no fluoride was available, 
the percentage of caries-free 7-y-old children did not exceed
2-3%; wartime restrictions reduced the sugar supply from ^40  
to 16 kg • person"*1 • y " 1, with a resulting increase in the 
percentage of caries-free children to ^15%. This improvement 
of oral health tended to disappear when sugar became freely 
available after the war. At that time the improvement seemed 
impressive, but it ceased being impressive when compared 
with the improvement after fluoride supplies, fluoride denti­
frices, oral hygiene instructions at school, and water fluorida­
tion became available in 1962. Although sugar consumption 
rose rapidly after World War II and has been **45 kg per capita 
during the past 40 y, the number of caries-free schoolchildren 
aged 7-15 y had risen to 65% by 1989 and the DMFT index for 
12-y-old children had decreased to 1.0 (32).
The Netherlands is one of the industrialized countries where 
caries prevalence within the past 25 y has decreased rapidly
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FIGURE 2, Percentages of caries-frcc first grade (7-y-okl) school ch il 
dren in Basel, Switzerland, between 1933 and 1982. From König (33).
(33). By .1993 the average DMFT of 0.8 in 12-y-old children 
was substantially lower than the goal that the World Health 
Organization had set for the year 2000, although sucrose con­
sumption was still >  90% of what it was in 1965 [38.5 
kg * person“ 1 • in 1985 and in 1992; see Figure 3, which 
is based on König (33) and Truin et al (34)], In Sweden (35), 
Norway (36), and New Zealand (33) sugar consumption in­
creased between 1982 and 1985, but regular epidemiologic 
monitoring of caries data showed that the caries rate in children 
continued to decrease (Figure 4).
In his analysis of these secular trends, Marthaler (37) con­
cluded that in many highly developed industrialized countries 
there was no longer a correlation between caries prevalence
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and average sugar consumption, Nevertheless, we must re­
member to consider high-risk populations in developing coun­
tries, subpopulations (mostly ethnic minority groups) even in 
these low-caries countries, and individuals exposed to very 
high frequency of sugar contacts, eg, babies with continuous 
availability of carbohydrate-containing solutions in feeding 
bottles, which leads to dental decay.
Conclusion regarding sugar and caries risk
Oral health preventive programs have to go beyond focusing 
solely on the relation between sugar intake and dental caries 
and begin to pay increased attention to other factors. Among 
these are oral hygiene procedures, including fluoride delivery 
(contained in toothpaste, but also in foods such as tea or water); 
bacterial components of plaque (particularly cariogenie bacte­
ria); quality and quantity of food residues that will either 
decrease or increase the numbers or the metabolic activity of 
oral bacteria; the amount and composition of saliva in the oral 
cavity; type of preventive and restorative care; immunologic 
response of the individual; and nutritional and dietary prac­
tices. There are many ways to implement adequate mainte­
nance of oral health that have been validated by sound research 
in the past 20 y. Proper selection of a nutritionally balanced 
diet that does not provide an overwhelming challenge to oral 
health is one of them, but other preventive measures, especially 
improvement of oral hygiene and use of fluoride dentifrices, 
have been found to be more acceptable and more effective than 
dietary restrictions in decreasing caries prevalence. A ratio mil 
and judicious use of available information will provide an 
effective and acceptable approach to the eradication of dental 
caries in populations from both developed and developing 
countries around the world.
PERIODONTAL HEALTH
Maintenance of periodontal health is achieved by preventing 
chronic inflammation of the gingiva, the periodontal connec­
tive tissues, and the supporting alveolar bone.
SUGARS AND ORAL HEALTH 28 IS
Nutritional factors
One of the oldest observations on nutrition and periodontal 
health is James Lind’s account of scurvy in the first controlled 
therapeutic trial conducted in 1747; he experimented on sailors 
suffering from general weakness and putrid periodontal inflam­
mation on board the Salisbury. He subjected the sailors to 
different treatments but the only effective treatment was the 
consumption of oranges and lemons. This observation strongly 
biased investigators for >  200 y because of the striking evi­
dence that periodontal disease was a systemic disease caused 
by nutritional deficiencies. Before Löe et al (38) published 
their work on the bacterial causation of gingivitis in 1965, 
nutritional and other systemic factors were assumed to be 
virtually exclusively responsible for periodontal diseases, even 
though it had become clear that vitamin C deficiency could 
only explain a small segment of the problem.
Nonnutritional factors
The view that systemic nutritional effects during develop­
ment not only of teeth but also of the supporting periodontal 
structures have limited importance is rather recent. This ex­
plains why research in the 1950s was still directed toward the 
detection of nutritional and metabolic variables that might be 
associated with periodontal health and disease. Extensive epi­
demiologic studies on 21 559 persons in eight areas around the 
world were carried out by a multidisciplinary research team of 
nutritionists, biochemists, physicians, and dentists (39). The 
dentists fortunately included among the items to be studied 
local factors such as status of oral hygiene, The results reported 
in 1963 were unexpected. The group found periodontitis to be 
strongly dependent on age in all the populations studied, the 
severity increasing with age but much more closely associated 
with poor oral hygiene: 12% of the variation could be ex­
plained by age, 66% by poor oral hygiene. In contrast, the 
influence of the only nutritional influence detected, deficiency 
of vitamin A, was negligible: 1% of the total variation. Since 
then, the local bacterial causation of periodontal disease has 
been generally accepted. This led Rugg-Gunn (40), in his 
monograph Diet and Dental Health, to conclude that “by far 
the most important way of maintaining periodontal health in 
humans is regular, thorough, physical removal of dental plaque 
with a satisfactory toothbrush.”
There is also new understanding of cellular and molecular 
effects of malnutrition on the immune response (41). Emphasis 
is not on the etiologic role, but rather on the role of specific 
nutrients, particularly those with antioxidant properties and 
those involved in tissue repair in the maintenance of periodon­
tal tissues challenged by pathogenic bacteria.
There is some evidence from animal experiments that sugars 
as local dietary factors can negatively influence periodontal 
health, although indirectly; frequent eating of sugars stimulates 
the energy metabolism of plaque bacteria and results in copious 
formation of extracellular polysaccharides that increase the 
volume of plaque (42, 43). This can secondarily result in 
differentiation of the plaque organisms and development of an 
unfavorable subgingival flora. Obviously this applies only to 
animals. Regular removal of plaque by brushing the teeth, 
which is necessary to maintain periodontal health, eliminates 
this indirect risk. The same considerations arc valid regarding 
the role of chewing soft, noncleansing food that has a long
retention time in the oral cavity compared with firm, fibrous, 
cleansing food. Chewing the toughest food is not sufficient to 
clean teeth completely, but complete lack of self-cleansing 
mastication can be compensated for by regular tooth brushing
(44).
Conclusions regarding sugar ¿md periodontal health
Periodontal diseases are caused by local inflammatory irri­
tation caused by overgrowth and differentiation of subgingival 
dental plaque and not by systemic nutritional deficiencies or 
imbalances. Therefore, the principal rational method of pre­
vention is regular tooth brushing and not dietary measures. 
There should be further research to explore the role of nutrients 
in the repair and healing of gingival and periodontal tissues as 
a way of reducing the prevalence of this disease.
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COMMENTARY
Kingman: Could you expand on the mechanism of action of 
fluoride in protecting teeth from decay?
Authors’ reply: The oldest explanation is based on the obser­
vation that tooth apatite becomes more acid-resistant when 
optimum concentrations of fluoride prevail during tooth for­
mation. During the past 10 y, evidence has been accumulating 
that frequent (preferably daily) local availability of fluoride 
after eruption of teeth is much more important than preemptive 
incorporation. The mechanism of the local posteruptive effect 
is a significant enhancement of remi ne ral iza Lion of tooth 
enamel, which is essential because of the frequent daily pres­
ence of demineralizing acids in the mouth (1). A third mech­
anism, inhibition of bacterial acid formation by fluoride, seems 
to play a minor role.
Reference
1. ten Cate JM, Duijslcrs PPE. Alternating demineralization and remi 
neralization of artificial enamel lesions. Caries Res 1982;16:201-7.
Harland: Several observations have suggested that fruit con­
sumption may have beneficial effects on periodontal health but 
that frequent consumption of fruit may result in an increased 
risk of caries development.
Authors’ reply: Chewing of fruit only partially cleans the 
teeth and cannot replace brushing, so the periodontal benefit is 
limited. On the other hand, the same authors have shown that 
the (frequent) ad libitum consumption of fruit by fruit pickers 
resulted in the development of markedly higher numbers of 
carious lesions compared with comparable groups harvesting 
grains (1, 2).
References
1.
2,
Groblcr SR, Blignaiil JB. The cffect of a high consumption of apples 
and grapes on dental caries and periodontal disease in hum ans. Clin 
Prev Dent I989;i 1:8-12.
G rob 1er SR. The effect of a high consumption of citrus fruit and a 
mixture of other fruit on dental caries in man. Clin l’rev Dent 1991; 
3:13-7.
Said a nh a: For children in low-ineome families in developing 
and developed countries who may not or do not have access lo 
a dentist, fluoridated toothpaste, or fluoridated water, should 
sugary foods in the diet be restricted ?
Authors’ reply: Observations of many populations with 
widely varied cultures, eating habits, and socioeconomic status 
have shown that advice to reduce the intake of sugars is usually 
not accepted (1). In contrast, health education (especially by 
school health education programs starling as early as kinder­
garten age) results in, among other favorable effects, a high rale
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of adoption of the habit of tooth brushing or the use of chcwing 
sticks. Teaching of oral hygiene should be combined with 
making children aware of the great importance of hygiene in 
general as the only means of avoiding the hazards of infectious 
;,,'ases.
Reference
1. Saris WHM, Binkhorst RA, Cramwinckel AB, Hegger WG, König 
KG. The development of a health education program for schoolchil­
dren, Tijdschr Soc Geneeskd 1982;60:680-3.
Sigman-Grant: Has there been any evidence of predisposing
tí'.no. nr «ti
Authors’ reply; The only predisposing genetic factors that 
have a measurable influence on caries activity are the morphol­
ogy of the teeth (retentive fissures) and crowding of big teeth 
in small jaws, Both conditions increase retention of bacterial 
plaque and food residues and render cleansing difficult.
Several participants pointed out that there were differences in 
fermentability of various carbohydrates in vitro.
Authors’ reply: In dental plaque in the oral cavity, the mul­
titude of bacterial species present provides a very large spec­
trum of hydrolyzing and glycolytic enzymes* Concomitantly 
with salivary amylases, they provoke acid formation on the 
tooth surface within minutes. Telemetry of pH changes after 
subjects have been rinsing with solutions of carbohydrate sus­
pensions have shown the following (1): the acidogenicity of 
heated starches that are present in many kinds of food is nearly
the same as that of sugars, which explains their caries-promot­
ing effects and, of the sugars, only the less frequently occurring 
galactose and lactose give rise to less acid than do other 
monosaccharides and sucrose.
Reference
I. tmfield T. Identification of low caries risk dietary components. Basel: 
Karger, 1983:102.
Edmondson: For individuals who practice reasonably good 
oral hygiene (brushing twice a day with a fluoride toothpaste), 
how much carbohydrate intake is safe for remaining free of 
caries?
A uthors9 reply: In populations with high percentages of car­
ies-free adolescents [30% in Michigan (I) and 60% in The 
Hague (2)], parallel studies of eating habits show that up to six 
or »seven reported intakes of food containing carbohydrates or 
sugars is compatible with a low caries risk, probably because of 
the availability of fluoride. Studies in vitro corroborate this (ten 
Cate and Duijsters, above). In any case, regular tooth brushing 
is a prerequisite.
References
1. Burt BA, Eklund SA, Morgan KJ, et al. The effect of sugar intake and 
frequency of ingestion on dental caries increment in a three year 
longitudinal study. J Dent Res 1988;67:1422-9.
2. Train GJ, König KG, Bronkhorst EM, Mulder J. Caries prevalence 
amongst schoolchildren in The Hague between 1WW «nd 1993. Caries 
Res 1994;28:176-80.
